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Abstract. 1,3-Dichloro-a-[2-(dibutylamino)ethyll-6-(tri- 3.4 to 3.7 A. On each of the halofantrine conformers,
fluoromethyl)-9-phenanthrenemethanol hydrochloride, one of the n-butyl groups extends in a linear fashion
C26H3lCl 2F3NO+.C - , M, = 536-9, monoclinic, P2,/n, whereas the other n-butyl group is bent back towards
a = 8.169 (3), b = 32.924 (13), c = 22.775 (6)A, fi the phenanthrene ring. The crystal structure contains a
= 98.99 (3)0, V= 6050.2A 3, Z= 8, D,= pseudo twofold axis, parallel to the b axis, which
1.18 gcm - 3, Cu Ka, A = 1.54178 A, u= 15.51 cm-', intersects C1(3) and passes through the center ring of
F(000) = 2240, room temperature, final R = 18.3% for the phenanthrene ring system of both conformers. C!(3)
2899 reflections with IF I > 3a. The crystal structure is hydrogen bonded with O(1) (3.14 A) and 0(51)
of halofantrine hydrochloride was determined to 1.0 to (3.09 A) and perhaps makes a hydrogen-bond distance
1.1 A resolution. The high R factor is due to poor of 3.16 A with a peak of electron density not found at
crystal quality. In order to have a crystal with sufficient full weight (symbolized Os, part of disordered solvent).
thickness for data collection, it was necessary to use a Six disordered solvent peaks lie in a channel parallel to
crystal that had grown in layers. The high R factor is
also due to a disordered CF3 group, a disordered CI
solvent channel, and high thermal factors on the longC
hydrocarbon chains. The two halofantrine conformers CH(0 2CH2N(C419 2
stack such that the phenanthrene rings are nearly 01 Ilk
on top of each other with the chlorine and CF3 groups
od opposite sides and with the hydrocarbon side chains CI *HCI
projected away from each other, but on the same side of
the phenanthrene rings. Atoms in the phenanthrene
rings of the two stacked conformers are separated by CF3

*To whom corrspondence should be addressed. Fig. 1. Chemical structure of halofantrine hydrochloride.
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atoms, the heterocyclic ring is in a twist-like con- Table 1. Final positional and thermal parameters
formation. The benzene rings fused to the heterocycle (X 104) with esd.'s in parentheses
ring form a dihedral angle of 95.4 (1)". The neigh- U :,Y jaaj , j
bouring molecules are linked together by an inter-= 1  Uaia.
molecular hydrogen bond of type N-H... .N, with X Y Z Ucq(A2)

disanesN..N .11 () ndN..H .3 (2A nd 01 6269 (2) -994(l) 1191(0) 402(6)ditnesN.. -7 ()ad . 33 2)Aad Cl 7535 (4) -3498 (2) 1640(1) 472 (1I)
angle N-H... .N 171 (1)0. The molecules linked by Ni 7857 (3) -2628(2) 2077 (1) 439(9)

hydrogen bonds are arranged parallel to the twofold C2 10602(4) -2262 (2) 2205 (1) 486(11)
C3 10687(4) -911(2) 2475(1) 490(11)

axes. N2 9061(3) 76(2) 2198 (t) 421(8)
C4 10247(4) 545 (2) 1742(1) 405 (10)

Experimental. This paper is a continuation of the study Cl01 8720 (3) -3025 (2) 1160(l) 399(9)
C 102 8063 (3) -1785 (2) 942(1) 364(9)

of the structure-biological activity relationship of C 103 9084(4) -1397 (2) 492 (1) 440(10)
dibenzoxazacycloalkenes. The title compound was C 104 10833 (4) -2224 (2) 256 (1) 554 (12)

obtained by hydrogenolysis of 6,9-dtosyldibenzo- CIO 1015I52 (4) -3444(2) 465(1) 599 (13)
C 106 10505(4) -3827 (2) 910(1) 511(12)

[b,jlperhydro-1-oxa-5,8-dazacycloundecane With C201 8206(3) 1173(2) 1392(1) 364(9)
metallic sodium in boiling n-pentanol. The formula was C202 6351 (3) 405 (2) 111901) 358 (8)

conired y SIR ndNM spcta.Thecon- C203 4466 (4) 986 (2) 801 (1) 441 (10)cofredb SI n N Rsecr.Th o-C204 4366 (4) 2375 (2) 752(1) 489(11)
pound shows neuroleptic activity (Glinka, 1986). C205 6160(4) 3159 (2) 1017 (l) 504(11)

Colourless, thin tabular crystals from ethanol at C206 8060(4) 2563 (2) 1332(1) 462(11)

room temperature; crystal size 0. 1 x 0. 2 x 0. 4 mm,
Stoe diffractometer using 0-20 scan technique; unit-celi
parameters from 38 reflections, 0m.,, = 22.30, Cu Ka Table 2. Interatomic distances (A), bond angles (0) and
radiation, range of h, k and 1 0-5, 0.-11, -30-30, selected torsion angles (0) with e.s.d. 's in parentheses
respectively. Total of 1998 unique reflections measured 01C2 138() C02C03 .83)tosine/A =0.56 A-, data not corrected for absorp- 01-C202 1-437(2) C 103-C104 1.3753 )

tion. Standard reflections 0,0, 12 and 042, maximum ci-cioi 1-514 (2) CI105-C 106 1.377 (3)
Cl-Ni 1.461(2) C106-CIOI 1.390 (2)
NI-C2 1.461 (2) C201-C202 1.392 (2)
C2-C3 1.524 (3) C202-C203 1.379 (2)
C3-N2 1.463 (2) C203-C204 1.387 (3)

C2N2-C4 1.458(2) C204-C205 1.370(3)
C4-C201 1.502(2) C205-C206 1.387 (3)

C33CIOI-C 102 1.397 (2)
2M2* C102-0i-C202 118-10() C 103-C 104-C 10S 120.1 (2)

CI CIOI-CI-NI 117.6(1) C104-CIOS-C106 119.5 (2)

011c4)CI-NI-C2 114.4(2) C 105-CI106-CI101 122.3 (2)
Ce clt 01 C4NI-C2-C3 109.9 (2) C4-C201-C202 1?2.i (1)

C2-C3-N2 110-001) C4-C201-C206 121.1 (1)
C21C3-N2-C4 113-7(l) C202-C201-C206 11698(2)

C102 _ N2-C4-C201 111.4(l) 0i-C202-C201 119.4(1)
C0 M MCI-CIOI-C102 122.3(2) 01-C202-C203 118.4(2)

ClC03CMCI-CI0i-C106 120.9(2) C201-C202-C203 122.0(2)
)cUS~ C106-CIOI-C102 116.8 (2) C202-C203-C204 119.7 (2)

01-CI02-CI101 116.4(1) C203-C204-C205 119.7(2)
clot C 01-C102-CI03 122.2(1) C204-C205-C206 120.0(2)

Fig. 1. The structure of the molecule with the atom-numbering C 101-C 102-C 103 121.4(2) C205-C206-C201 121.8 (2)
scheme. C 102-C 103-C 104 120.0(2)

01-CI02-CIOI-Cl 0-5(3) C3-N2-C4-C201 161.1 (2)
C 102-CIOJ-C I-Ni -56.3 (3) N2-C4-C201-C202 -74-2 (3)
C101-C I-NI-C2 -54.5(3) C4-C201-C202-01 3-7(3)
CI-NI-2-0 152-8(2) C201-C202-01-CI02 -82-2(2)
NI-C2-C3-N2 -49.1 (3) C202-01-CI102-CIO01 154-4(2)
C2-C3-N2-C4 -73-1 (2)

change of 4.0% and 1.5% respectively, 1711 reflec-
CL tions with I > 2.5a(I) used in calculations; solution by

direct methods using SHELX86 (Sheldrick, 1986),
- refinement using SHELX76 (Sheldrick, 1976), H atoms

located from difference Fourier. map, refinement by
fuli-matrix least-squares procedure on F magnitudes,

Fig. 2. A atereoie of the molecular packing, viewed down the a 244 parameters. Refinement to final A = 0-033, S
axis. 0.4643, unit weights. Largest peaks on a final
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the a axis. CI(4) links the two halofantrine conformers Table 1. Fractional coordinates (x 104) and thermal
via hydrogen bonding to N(1) (2.99 A) and N(5 1) parameters U,, (A2 X 103) with e.s.d.'s in parent heses
(3.04 A). U~q = IX,,U,1ajajla,.a,.

Experimental. Title compound (WR 171,669) (Fig. 1) Moecl () XYz U-4
was obtained from Smith Kline & French Canada CI(1) 3524 (8) 1699 (3) 10962(3) 105 (3)
(Mississauga, Ont., Canada) and was crystallized from CI(2) 2550(12) 115(3) 10492(4) 157(5)

ethanol. Diffraction data were collected in the form of F(2) -2298 (49) 312(9) * 7834 (12) 135 (1 I)?
broad spots from a very thin plate containing inclusions F3 -696) 792(9) 739(3 125 (10)t

and probably consisting of a stack of slightly mis- F(2)' -3563 (66) 498(16) 7673 (22) 147 (17)t

aligned crystals, 0.20 x 0.30 x 0.04 mm, in the OL-20 F(3)* -2184 (85) 7820(6) 7083(22) 147 (21)t

mode to a maximum 20 value of 1000 on an R3m 0(I 640(17) 2623(4) 9582(6) 70 (5)t

Nicolet four-circle diffractometer using Cu Ka~ radiation c~) 710) 1302(10) 10482(13) 81(14)
C22913) 916 (10) 10624(10) 117(16)

with a graphite monochromator. Range of indices: C(3) 2199 (31) 594(9) 10284(10) 85(03)

hO-8, kO-21, and 1-22-21. The total number of C(4a) 1023(32) 1105 (10) 9569(11) 80013)
independent reflections was 6228. The standard reflec- C(4b) 54(26) 1222 (7) 8 (11 55(10)

tions 2,0,12, 0,14,0, and 400 were monitored after c(6) -1576(29) 1039(7) 8043(9) 83011)

every 60 intensity measurements. The standards C(7 - BO (5) 1429 7991 903

Jremained constant within 7%. The lattice parameters c(8a) -164(23) 1626(6) 8852 (9) 49(9)

were based on 23 centered reflections with 20 values c(9) 424(26) 1953(7) 9209(00) 52(10)

between 15 and 520. No correction for absorption or c(ioa) 1757(30) 1436 (8) 9899(10) 76(11)

extinction was used. The structure was solved routinely Cc,2 -256(26) 2362 (6) 9082 (8) S9 (7)f
by direct phase determination (Karle & Karle, 1966) C(1 3) 1208(24) 2524(6) 8590(8) SO (6)t

Q(14) 809(25) 2948(6) 8412(8) 55 (6)tusing the programs in SHELXTL (Sheidrick, 1980). Q15S) 730(29) 3449(7) 7593(10) 79 (8)t

All but nine of the non-H atoms in the two independent Q16 756 (35) 3830(9) 7914 (12) 125 (1 I)?
Q1) -320(46) 4174(12) 7573(16) 171 (15)t

molecules were found in the first E map. The remaining 6(8) 314 (67) 4530(16) 7922 (23) 288 (27)t
terminal atoms of the n-butyl chains were found in the c(9 3452) 35() 802(0 6()

first difference map. In subsequent difference maps, C(2 1) 6042(40) 3122(10) 7546(13) 130 (1 1)t

atoms were found which correspond to alternate Q(22) 6413 (39) 26S2(10) 7609(14) 150 (1 3)t

positions for one CF3 group. The H atoms attached to Molecule (1i)
th aosweepacdiIielie(ostos. "I) 3308(8) 1748 (3) 7783 (3) 115 (4)theC tos er plce i ieaize psiios. CI(52) 34S2(11) 1"9(3) 8445 (4) 155 (5)

Least-squares refinement was performed using 2899 F(5l1) 10288 (2 1) 8"9(6) 11536(6) 160(10)
F(52) 9061 (24) 425 (5) 10989(6) 158(10)reflections with I F.1 > 3o(IF). Coordinates for all F(53) 7785 (25) 752 (6) 11622(6) 171 (11)

non-H atoms except C (1 1) were refined (on F) by a N(5 1) 4940(20) 32(5) 10860(7) 62 (5)t
G(I 071) 20(4) 9173 (5) 66 (4)t

blocked cascade program in SHELXTL. Anisotropic Q(51) 3976 (26) 1344(7) 8317(9) 76(11)
thema pramtes or herig atms te C aom, (52) 3637 (36) 970(8) 8255 (14) 109(15)
thra armtr frterigCaomteClao s C(53) 3998 (38) 674 (8) 8633 (17) 97(16)

and for one CF3 group and isotropic thermal param- c(54) 505 (33) 767(10) 9173 (12) 88(14)
V eters for the remaining C, F, N and 0 atoms were C(54b) 6529 (30) 1293(10) 9860(11) 71(13)

refined for a total of 491 parameters. Six weaker peaks Q(55) 7119(33) 1014(10) 10229(12) 91(15)

representing disordered solvent molecules appeared in a c(57) 8483) 19(0 04(1 73(13)
large channel (4.5 x 7.5 A cross section) bounded by C(58.) 6932(27) 1711(7) 9953 (9) 73(10)
eight n-butyl groups from four halofantrine molecules Q(59) 6198 (22) MI4(6) 9544(9) 39(9)
and were included at half weight in the least-squares cQ60.) 5002 (24) 1485(7) 8877(9) 52(9)
refinement. Their refined U values ranged from 0. 18 to Q(61) 8770(36) 801(9) 11197(12) 121 (1 I)t

Q2 6472) 24(5) 9687(7) 38 (5)t0.4o A2. Neither the type of disorder nor the identi- C(63) 5283 (24) 2592 (6) 10152 (8) 5S1 (6)t
fication of the solvent molecules was established. Final Q(64) 5775(26) 3006(6) 10368(9) 64(t

R = 18.3% and wR = 17.6%, w- =1/[o2( F I) + C(66) 5914(44) 3845 (11) 10906(16) 185 (16G)?
0.0l(F21. (d/o),,= 0. 21. Final difference electron c(67 7296) 43(6 18(2 3 2)
density Ip I < 0.82 e A-'. Atomic scattering factors c(69) 3143 (33) 3208(9) 10649(12) 128 0 O?

were those incorporated in SHELXTL. C(7 1) 358(66) 3089(15) 11229(21) 240 (22)t
Coordinates and Ueq values for the non-H atoms for C(72) 441(47) 2664 (12) 1116(1) 17 1 ~

the two conformers are listed in Table 1.* The bond C:) 78(10) 2458 (3) 6847(3) 124(4)

* Limt of structure factors, anisotropic thermal parameters and Solvent peak
H-atom parameters have been deposited wit the British Ubrary 0s -4835(69) 3895 (15) 9075(23) 227 (25)t
Document Supply Centre as Supplementary Publication No. SUP * Disorered CF, poop. The pimed F atom were weighted 40%6 Atomi
51781 (40 pp.). Copies may be obtained through The Exeutive C(lI) we t fxed droughout ieralnentprocedue
Secretary, International Union of Crystallography, 5 Abbey t Thseatoms wer rnd Ioioplcafy. Thevain.resn C4.
Square, Chester CHI 2HU, England. t Cl atom of chloride salt.
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